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The behavior of the keratinocyte during the initial stages
of cutaneous wound repair has been the subject of intense
investigation. Most of these studies have focused on
the lateral edges of wounds as the source of activated
keratinocytes. Less attention has been directed towards
elucidating the role of the appendageal structures as
sources of keratinocytes for re-epithelialization, particu-
larly the sweat apparatus. Surgical wounds of specific
depths were created in pig skin, above and below hair
follicles, and wound healing was allowed to take place in
a setting in which lateral ingrowth of keratinocytes by
migration was prevented. In this manner, all re-epithe-
lialization occurred from residual appendageal structures.
Cutaneous wound repair is a multifaceted process invol-ving clot formation, cell migration (i.e., keratinocytes,fibroblasts, endothelial cells, and leukocytes), extracellu-lar matrix (ECM) synthesis and deposition, and, finally,dermal and epidermal reconstitution. Investigations into
the re-epithelialization aspect of wound healing have concentrated on
the very early phases of wound repair, when a relatively sedentary
keratinocyte becomes ‘‘activated’’ and subsequently migrates, prolifer-
ates, and eventually differentiates (for a review see Suter et al, 1997).
The keratinocytes that become activated and initiate repair of epidermal
wounds are thought to reside not only along lateral margins of a
wound, but also in residual appendageal structures that remain at its
base (Bishop, 1945; Eisen et al, 1956; Sanford et al, 1964; Al-Barwari
and Potten, 1976; Argyris, 1976). Hair follicles have long been
considered to be the primary source of these appendageal keratinocytes;
a role for eccrine or apocrine structures has only rarely been suggested
(Lobitz et al, 1954).
In this study we focused on the role that the sweat apparatus might
play as a potential source of keratinocytes for re-epithelializing wounds.
To accomplish this it was necessary to eliminate (i) lateral migration
of keratinocytes from the wound edges as a source of cells, and (ii)
the follicular epithelium as a source of keratinocytes. To achieve
these two conditions we surgically created partial thickness wounds
sufficiently deep to completely remove the entire hair follicle. By
excising additional tissue around each wound site down to muscle
fascia, we transformed these wound areas into ‘‘islands’’ surrounded by
‘‘moats.’’ With this design, all re-epithelialization had to occur from
residual elements remaining in the wound bed. Pig skin was chosen
for these studies as it is sufficiently thick to perform the necessary
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In those wounds where only sweat gland elements
remained, an epithelium formed that had clinical, mor-
phologic, and protein electrophoretic features closer to
palmar/plantar or mucosal-like epithelia. In contrast,
wounds that retained elements of the hair follicle healed
faster and the resultant epithelium clinically, morpho-
logically, and biochemically resembled the surrounding
nonwounded epidermis. These findings establish that the
sweat apparatus is capable of re-epithelializing the skin
surface after a major cutaneous wound, but may not be
capable of mimicking the epidermis. Key words: environ-
mental modulation/epithelial stem cells/intrinsic divergence/
keratinization. J Invest Dermatol 110:13–19, 1998
surgical manipulations, and because it has clinical, structural, immuno-
histochemical, and biologic features that are remarkably similar to
human skin (Winter, 1962; Lavker et al, 1991; Hengge et al, 1996).
Using this model, we assessed the epithelium generated in two types
of wounds: (i) shallow wounds (0.50 mm), in which the reticular
dermis and portions of hair follicles remained; and (ii) deep wounds
(1.50 mm) in which only subcutaneous fat, fascial septae, and occasional
sweat glands and ductal epithelium remained. Rapid re-growth of a
stratified, keratinized epidermis occurred in the shallow wounds. In
the deeper wounds, where no follicular structures remained, re-
epithelialization also occurred. Interestingly, this deep wound-derived
(DWD) epithelium had a clinical, morphologic, and biochemical
phenotype that was markedly distinct from shallow wound-derived
(SWD) or nonwounded porcine epidermis. This finding has a major
implication for wound repair, as we demonstrate that the sweat
apparatus is capable of re-epithelializing the skin surface following a
major cutaneous wound.
MATERIALS AND METHODS
Animals Twenty-one-day-old pigs were housed in the Johns Hopkins Animal
Facility, according to institutional guidelines. All surgeries were performed in
approved operating room facilities. Animals were induced by intramuscular
injection of a mixture of atropine, ketamine, and acepromazine prior to surgery,
and anesthesia was achieved using inhaled halothane. Animal flanks were
scrubbed, shaved, and infiltrated with lidocaine. A Brown dermatome was
calibrated using a micrometer to 1.50 mm to create ‘‘deep wound’’ islands and
to 0.50 mm to create ‘‘shallow wound’’ islands. These depths were determined
from initial porcine experiments and confirmed intraoperatively in individual
specimens as well. A rectangular area measuring 5 3 24 cm was dermatomed
on each flank. Within each area, a 3 3 17 cm test island was outlined. A 1 cm
wide border of tissue was surgically excised around each island, down to muscle
fascia, to create a ‘‘moat’’ that would prevent lateral ingrowth of epidermis onto
the islands. A 3 3 4 cm region was also dermatomed to a depth of 0.50 mm
and maintained without a moat, so that it would re-epithelialize in the presence
of lateral epidermal ingrowth, and thus serve as a positive control. Similarly, a
3 3 4 cm region was dermatomed to a depth of 2.00 mm, which is below all
apocrine structures, and maintained within a moat, so that no lateral epidermal
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Figure 1. Deep and shallow wounded pig skin reveal differences in the
wound bed. (a) Removal of 1.5 mm of pig skin results in a wound bed that
consists of subcutaneous fat (SF), fascial septae, and occasional portions of the
sweat gland (SG) and ductal epithelium. The inset shows a higher magnification
of the area within the box showing sweat gland (SG) surrounded by subcutaneous
fat (SF); scale bar (inset a), 0.8 mm. (b) Removal of 0.5 mm of pig skin retains
much of the reticular dermis (RD) including portions of the lowermost hair
follicles (HF) and sweat apparatus (SG). The inset shows a higher magnification
of the area within the rectangle showing the bulb region of a hair follicle in
the anagen phase of the hair growth cycle with a follicular papilla (FP) encircled
by matrix (M) keratinocytes; scale bar (inset b), 1.0 mm. Scale bars, (a, b) 2.0 mm.
ingrowth could occur, to serve as a negative control. Each test area was covered
with vaseline, nonadhesive dressing, and 4 3 4 gauze, and a rip-stop nylon
cover containing a central zipper was stapled over each site. The nylon covers
protected the test sites from trauma, and allowed easy access for biopsies and
dressing changes. Once a week the moat around each island was curetted to
maintain its functional presence.
Vertically oriented and horizontally oriented tissue sections were obtained
from the test islands at the time of surgical formation, to verify that in each
instance an appropriate depth was achieved. Specifically, multiple horizontal
sections were obtained from the surface of deep wound islands and examined
to verify the absence of all follicular structures. At the completion of the
experiment, after 35 d, both test islands were harvested completely and the pig
was euthanized. Similar studies were performed in four additional pigs to verify
the reproducibility of our results.
Histology Tissues obtained for histology were fixed in formalin, embedded
in paraffin, cut into 4 µm specimens, and stained using a standard hematoxylin
and eosin technique, modified from the Sheehan manual.
Transmission electron microscopy Tissues used for transmission electron
microscopic analysis were processed as described (Lavker et al, 1991).
Intermediate filament protein extraction and analysis by electro-
phoresis For biochemical analysis of pig skin keratins, 1 cm2 samples were
obtained by surgical dissection, frozen in liquid nitrogen, and stored at –80°C
until further use. Intermediate filament proteins were isolated from pig skin
biopsies as described (Takahashi et al, 1996). The final Triton X-insoluble pellet
was solubilized in a 50 mM Tris-HCL buffer containing 6.5 M urea and 5%
β-mercaptoethanol at pH 8.0. Protein concentration was determined by the
Bradford Assay (Bradford, 1976) using reagents purchased from Bio-Rad
(Hercules, CA). Intermediate filament proteins were resolved using polyacryl-
amide gel electrophoresis (8.5% acrylamide) in the presence of sodium dodecyl
sulfate, and stained with coomassie blue. Apparent molecular weight values for
Figure 2. The DWD epithelium is clinically distinct from the SWD
epithelium. Thirty-five d postwounding, the DWD epithelium (a) appears as
small oval smooth-surfaced tissue compared with the SWD epithelium (b),
which appears clinically similar to the adjacent unwounded skin.
the relevant pig skin proteins were calculated from a standard curve established
with protein standards of known molecular weight. Alternatively, the sodium
dodecyl sulfate-polyacrylamide gel electrophoresis was transferred to nitrocellu-
lose, reacted with a mixture of AE1/AE3 mouse monoclonal antibodies directed
against human epidermal keratins (Boeringer Mannheim, Indiannapolis, IN;
Woodcock-Mitchell et al, 1982), and bound primary antibodies revealed by the
alkaline phosphatase method as specified by the manufacturer (Bio-Rad).
RESULTS
Only elements of the sweat apparatus remain in the deep
wounded skin Dermatoming porcine skin to a depth of 1.5 mm
resulted in the complete removal of the epidermis and most of the
dermis. Histologic examination of this wound bed revealed the presence
of subcutaneous fat, fascial septae, and occasional portions of the sweat
gland and ductal epithelium (Fig 1a). In contrast, excision of porcine
skin to a depth of 0.5 mm resulted in the removal of the entire
epidermis and most of the papillary dermis; however, much of the
reticular dermis was retained. Within this reticular dermis, portions of
the lowermost hair follicles and the attendant sweat apparatus were
still present (Fig 1b). The hair follicles were in the anagen phase of
the hair growth cycle, as evidenced by a well-formed bulb region
consisting of a follicular papilla encircled by matrix keratinocytes in a
characteristic ‘‘horseshoe’’ configuration. Portions of the sweat apparatus
were present laterally and beneath each hair follicle.
The DWD epithelium is phenotypically distinct from that of
the SWD epithelium
Clinical features At 35 d postwounding the DWD epithelium (Fig 2a)
formed a well-circumscribed oval plaque of fragile-appearing, smooth
tissue that was devoid of hairs and covered only a small portion of the
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granulation bed. In contrast, the SWD epithelium (Fig 2b) 35 d
postwounding had a surface texture and density of hair that were
virtually indistinguishable from that of the surrounding normal skin.
Furthermore, this epithelium extended to all borders of the underlying
granulation tissue.
Histologic features Histologic examination of the epithelium 35 d
after deep wounding revealed the presence of an extremely thick
(224 6 7 µm), compact, parakeratotic stratum corneum (Fig 3) as well
as a dramatically thick (734 6 6 µm) viable epithelium. The junction
between this epithelium and the underlying stroma was highly inter-
digitated, resulting in the presence of prominent deep and broad rete
ridges (Fig 3). These elongated rete ridges often resulted in cross-
sectional profiles of dermal papilla within the epithelial tissue. The
basal region consisted of several layers of round keratinocytes often
separated by wide intercellular spaces (Fig 3). The spinous layer
occupied most of the viable epidermis. A distinct granular layer was
not obvious at the light microscopic level.
In contrast, the epithelium present 35 d after shallow wounding
closely resembled the nonwounded epidermis. The stratum corneum
of the SWD epithelium (4.5 6 1.2 µm) was not significantly thicker
than the nonwounded epidermis (6.6 6 1 µm). Although the viable
epithelium of the SWD tissue was somewhat thicker (130 6 2.6 µm)
than the nonwounded viable epidermis (98 6 2.3 µm), the DWD
epithelium was very dramatically (7.5 times) thicker. Besides having a
similar thickness, the morphology of the SWD epithelium (Fig 4a)
and nonwounded epidermis (Fig 4b) were also comparable. Both
tissues had an undulating dermal–epidermal junction consisting of rete
ridges interdigitating with dermal papillae. Basal keratinocytes at the
tips of the rete ridges had a relatively nonserrated surface, whereas
keratinocytes positioned along the shoulders of the rete ridges and at
the apex of the dermal papillae had a serrated interface with the
underlying dermis. The remaining portion of the viable epidermis of
both the SWD epithelium and the nonwounded epidermis consisted
of 5–7 cell layers of spinous cells and 2–3 cell layers of flattened
granular cells.
Ultrastructural features The dermal–epidermal junction of the DWD
epithelium consisted of a plasma membrane randomly organized into
hemidesmosomes with a well-formed lamina lucida and lamina densa;
however, anchoring fibrils and elastic microfibrils were rarely observed
(Fig 5a). Tightly packed collagen fibrils oriented parallel to the surface
of the skin occupied the dermal region immediately beneath the lamina
densa. This band of collagen, although smaller in size, was similar in
organization to the grenz zone routinely present in photodamaged skin
(Lavker, 1979; Lavker and Kligman, 1988). The dermal–epidermal
junction of the SWD epithelium was similar to the DWD epithelium
except that anchoring fibrils were readily apparent (Fig 5b).
Keratinocytes within the basal zone of the DWD epithelium (Fig 6a)
had a highly convoluted surface, organized into microvilli. The tips of
these microvilli extended to adjacent keratinocytes and were frequently
punctuated by desmosomes. This microvillus organization resulted in
the formation of wide intercellular spaces, and contributed to the
appearance of a loosely organized basal region. These basal keratinocytes
contained copious amounts of keratin filaments, primarily distributed
at the cell periphery (Fig 6a). Basal keratinocytes of the SWD
epithelium situated along the shoulders of the rete ridges and at the
Figure 3. The DWD epithelium has histologic characteristics similar
to palmar/plantar or buccal epithelium. Thirty-five days after deep
wounding there exists an extremely thick epithelium covered by a compact,
parakeratotic stratum corneum (SC). The inset of stratum corneum in the upper
right-hand corner shows horny cells containing remnants of cellular material
(*); scale bar (upper inset), 0.63 mm. Prominent elongated rete ridges (RR)
characterize the stromal/epithelial interface. Due to the elongated rete ridges,
cross-sectional profiles of dermal papilla (DP) are often observed within the
epithelial tissue. The inset in the lower left-hand corner gives a higher
magnification of the area in the rectangle showing the round basal keratinocytes
often separated by wide intercellular spaces (→); scale bar (lower inset), 0.6 mm.
SR, spinous region; scale bar, 1.4 mm.
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Figure 4. The SWD epithelium is histologically similar to unwounded
pig epidermis. Both SWD (a) and unwounded (b) pig epidermis, 35 d
postwounding, are organized into rete ridges (RR) that interdigitate with
dermal papilla (DP). The basal layer of both tissues contain nonserrated (NS)
and serrated (S) basal keratinocytes. The uppermost portion of both tissues
reveal several layers of flattened granular cells (GC) and a well-formed stratum
corneum (SC). Scale bars, 0.4 mm.
apices of the dermal papilla contained copious amounts of keratin
filaments (Fig 6b), whereas basal keratinocytes at the tips of the rete
ridges contained sparse amounts of filaments and were predominantly
filled with ribosomes (Fig 6c).
The spinous region of the DWD epithelium consisted of tightly
packed keratinocytes filled with keratin filaments and membrane-
bound lamellar granules (Fig 7b). Similar appearing spinous cells were
observed in the SWD epithelium, although their number was markedly
less (Fig 7c, d). In the DWD epithelium, small, angular keratohyalin
granules, in close association with keratin filaments, were noted in
cells adjacent to the lowermost horny cells of the stratum corneum
(Fig 7b). In contrast, granular cells in the SWD epithelium contained
prominent, angular keratohyalin granules in close association with
keratin filaments (Fig 7d).
The horny cells of the DWD epithelium consisted almost entirely
of flattened, compact horny cells that contained clumped masses of
filaments, nuclear remnants, and round, electron lucent droplets,
characteristic of lipid inclusions (Fig 8a). A modified, thickened horny
cell membrane was not present in the cells comprising the stratum
corneum. The horny cells of the SWD epithelium consisted almost
entirely of a filament-matrix complex devoid of lipid inclusions and
nuclear remnants, with a distinctly thickened horny cell membrane
(Fig 8b).
Keratin analysis Consistent with the morphologic findings, biochem-
ical analysis of normal epidermis and SWD epithelium confirmed their
similarity. Intermediate filament extracts showed major protein bands
of apparent molecular weights of 65, 61.5, 56.5, 54, and 48 kDa
(Fig 9, lanes A, B). The keratin nature of these proteins was confirmed
by their immunoreactivity with a mixture of AE1/AE3 monoclonal
antibodies (data not shown). Analysis of the DWD epithelium showed
a keratin profile with substantial differences from that of the SWD
epithelium or the nonwounded epidermis (Fig 9, lane C). Specifically,
only a minor amount of the 56.5 kDa keratin was detected, and the
higher molecular weight keratins (65 and 61.5 kDa), which are markers
of cornified epithelia, were almost completely absent. This latter profile
is consistent with the parakeratotic nature of the DWD stratum
corneum that was observed morphologically. We did not attempt to
formally ascribe these pig skin keratins to their respective counterparts
in the catalog of human keratins (Moll et al, 1982).
DISCUSSION
One of the primary goals of investigations of epidermal wound repair
has been the elucidation of the response of the keratinocyte to
wounding. This is believed to be a multistage process involving
migration, proliferation, and subsequent differentiation. Concomitant
with migration, the keratinocyte undergoes a marked phenotypic
alteration known as ‘‘activation,’’ which involves retraction of intracellu-
lar filaments, dissolution of desmosomes, and formation of peripheral
actin filaments (Smoller et al, 1990; Grinnell, 1992; Woodley et al,
1993). These activated keratinocytes migrate either over or through a
provisional matrix to resurface the defect. Keratinocytes proximal to
this leading edge of the migrating sheet proliferate, generating cells
necessary for the resurfacing process (Krawczyk, 1971; Pang et al,
1978). Once basement membrane proteins reappear and the
keratinocytes attach to the newly formed basement membrane, differen-
tiation proceeds and an epidermis is reformed. This sequence of events
has been determined, primarily, by examining the keratinocyte response
to relatively mild trauma, such as incisional or small circular wounds,
in which re-epithelialization is achieved primarily by lateral migration
from wound margins. With respect to the closure of large defects,
keratinocyte behavior is most likely similar, although the source of the
migrating epithelial cells appears to be different (Suter et al, 1997).
When murine epidermis in the back region is experimentally removed
using a felt wheel, the regeneration of the interfollicular epidermis
begins as many small ‘‘islands of cells’’ (Argyris, 1976). The follicle is
the only potential source of these emigrating cells, as sweat glands are
present only in the foot pads of rodents and not on the back.
Replacement of the epidermis in human patients who have had
extensive burns occurs from both focal appendageal-associated groups
of cells and lateral migration. In this setting the relative contributions
of the follicle versus the sweat apparatus to these focal islands of
keratinocytes is unclear.
In this study, we wanted to examine solely the contribution of the
appendages to the process of re-epithelialization and, in particular, that
of the sweat apparatus. In order to prevent re-epithelialization by
lateral migration from the wound edge (i.e., the epidermal source),
we surgically manipulated pig skin to produce ‘‘islands’’ of skin
surrounded by a circumferential ‘‘moat’’ that extended down to muscle
fascia. After removal of various depths of skin from the islands,
subsequent re-epithelialization had to arise from residual appendageal
structures. Although porcine skin bears many anatomical and bio-
chemical similarities to human skin (Lavker et al, 1991; Hengge et al,
1996), it does differ with respect to the distribution of hair follicles
and sweat glands. In pig skin, each hair follicle is associated with a
sweat gland system that is located beneath the lowermost bulb region
of the follicle (Fig 1b). This anatomical juxtaposition was very useful
in our study, because by varying the depth of the wound (i.e., above
and below the hair follicle) we could investigate the contribution of
the sweat apparatus to the process of re-epithelialization.
Wounding pig skin to a depth of 0.5 mm (shallow wound) removed
the entire epidermis and portions of the hair follicle and sweat apparatus.
The remaining elements were able to fully recapitulate the epidermis
as well as hair follicles, and by 35 d a clinically, morphologically, and
biochemically identical tissue was present. This was not the case after
removal of pig skin to a depth of 1.5 mm (deep wounds), where only
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Figure 5. The dermal–epidermal junction
of the DWD epithelium has ultra-
structural features that differ from the
SWD epithelium. Transmission electron
micrographs of portions of the basal lamina
complex from the 35 d postwounded DWD (a)
and SWD (b) epithelia consist of the basal
keratinocyte plasma membrane (pm),
hemidesmosomes (hd), lamina lucida (→), and
lamina densa (ld). Lack of anchoring fibrils (af)
and a band of collagen (arrowheads) immediately
beneath the lamina densa of the DWD
epithelium are the major features of the basal
lamina complex that differ between the DWD
and SDW epithelia. Scale bars, 0.4 µm.
Figure 6. Ultrastructural features of basal
keratinocytes from DWD and SWD
epithelia 35 d postwounding. The DWD (a)
basal keratinocytes located at the tips of the
rete are characterized by rounded cells with a
microvillus (mv) surface separated by wide
intercellular spaces (→). Keratin filaments (k)
are primarily situated at the cell periphery.
The SWD (b, c) basal keratinocytes along the
shoulders of the rete ridges and above the apices
of the dermal papilla (B) are columnar, have a
serrated dermal–epidermal interface, and
contain numerous bundles of keratin filaments
(k), whereas the cells at the tips of the rete
ridges (B) are small, rounded, and filled with
ribosomes (r). d, desmosome. Scale bars, 2 µm.
the subcutaneous fat, fascial septae, and portions of the sweat gland
and ducts remained. Although these elements were sufficient to
generate an epithelial sheet, after 35 d postwounding the resultant
epithelium differed clinically, morphologically, and biochemically from
the SWD epithelium. These results indicate that in the absence of
both epidermis and follicular epithelium, the sweat apparatus can serve
as a source of cells that are competent to form an epithelium, but not
a fully keratinized epidermis.
The phenotype of the DWD epithelium bears several similarities
with epithelia that lack follicular appendages, such as the buccal
epithelium (Silverman, 1967; Squier, 1968; Williams and Cruchley,
1994) and the palmar/plantar epithelium (Lavker and Sun, 1982). At
the interface between such epithelia and the underlying connective
tissue there is a complex interdigitation resulting in a prominent rete
ridge pattern. These epithelia are stratified squamous, µ250–500 µm
in thickness, and have either an ortho- or a para-keratinized stratum
corneum that is thickened and compact. Keratins expressed by oral
and palmar/plantar epithelia are distinct from those of glaborous
interfollicular epidermis. Instead of the K1/10 keratin pair, the K6/16
keratin pair are expressed (Sun et al, 1984). Likewise, in this study, the
intermediate filament extracts from the DWD epithelium revealed an
altered keratin pattern when compared with the keratin patterns of the
SWD epithelium and nonwounded skin. The absence of high molecular
weight keratins and the diminished amount of 56.5-kDa keratin
observed in the DWD epithelium, are more consistent with a parakerati-
nized epithelium.
The distinct morphologic and biochemical phenotypes of the deep
and shallow wound-derived epithelia might be the result of differences
in their genetic program (intrinsic divergence). The resurfacing of
corneal epithelium from limbal versus conjunctival epithelia is an
example of re-epithelialization by intrinsically divergent tissues that is
analogous to the present study. Recent investigations have demonstrated
that the corneal-limbal lineage is distinct from the conjunctival lineage
(Wei et al, 1993, 1995). Thus, in cases where the corneal epithelium
is experimentally removed but the limbal epithelium remains (analogous
to the shallow wound), re-epithelialization occurs rapidly, the corneal
epithelial morphology is retained, and the corneal-specific keratin 12
is expressed (Moyer et al, 1996). In cases where the entire corneal and
limbal epithelia are removed (analogous to the deep wound), however,
the resultant conjunctival-derived epithelium acquires a ‘‘corneal-like’’
phenotype but differs significantly from the normal corneal epithelium
in the following ways: (i) defects heal more slowly; (ii) goblet cells, a
marker of conjunctival epithelium, persist; (iii) the epithelium has
much wider intercellular spaces than corneal epithelium; (iv) glycogen
content and the glycogen enzymes are abnormal; and (v) the epithelium
fails to express the cornea-specific K12 keratin (Thoft and Friend,
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Figure 7. Lamellar granules and keratohyalin granules are less
prominent in keratinocytes from DWD epithelium compared with
SWD epithelium. Transmission electron micrographs of uppermost spinous
(S), granular (G), and lowermost stratum corneum (SC) regions from DWD
(a) and SWD (c) epithelia 35 d postwounding. Numerous membrane-bound
lamellar granules (→) are present in SWD keratinocytes (d) compared with
keratinocytes from the DWD epithelium (b). Keratohyalin granules (kg) were
large in SWD keratinocytes (d) although small electron dense granules could
also be seen in keratinocytes from DWD epithelium (b). Scale bars, (a, c) 2 µm,
(b, d) 0.4 µm.
Figure 8. Stratum corneum from the DWD epithelium is comprised
of parakeratotic horny cells. The DWD horny cells (a) 35 d postwounding
contain filaments (f) aggregated into bundles, nuclear remnants (n), and electron-
lucent droplets (ld); morphologic features associated with parakeratotoic horny
cells. In contrast, SWD horny cells (b) are comprised of a filament/matrix
complex (f-m) enveloped by a modified plasma membrane (→); features
characteristic of normal horny cells. Scale bars, 0.3 µm.
1977; Liu et al, 1981; Tseng et al, 1984; Buck, 1986; Moyer et al,
1996). Therefore, although the corneal stroma can clearly influence
ocular phenotype (Tseng et al, 1984, 1987a, b; Huang et al, 1988),
it cannot induce a complete and irreversible transdifferentiation of
conjunctival epithelium to corneal epithelium because these two
epithelia arise from distinct cell types. If an analogy can be made
between corneal resurfacing and our present study of the skin, it
Figure 9. The keratin profile of the DWD epithelium differs from that
of the SWD epithelium or the nonwounded epidermis. One-dimensional
polyacrylamide gel electrophoretic profiles of nonwounded (lane A), SDW (lane
B), and DWD (lane C) epidermis 35 d postwounding. Only a minor amount
of the 56.5 kDa keratin is detected in the DWD keratin filament extract, and
the higher molecular weight (65 and 61.5 kDa) keratins, which are markers of
cornified epithelia, are almost completely absent.
suggests that the sweat apparatus and follicular apparatus are of two
different lineages.
Alternatively, the DWD and SWD epithelia might be equipotent,
but produce different phenotypes as a result of responding to different
mesenchymal influences (external modulation). It is well established
that interactions between epithelial cells and their extracellular matrix
(ECM) are involved both in the organization of tissues and in the
regulation of differentiation. For example, when mouse mammary
epithelial cells are plated on plastic or type I collagen gel, they remain
in a relatively undifferentiated state and do not express milk protein
genes, even in the presence of lactogenic hormones; however, when
the same cells are plated on a laminin-rich, basement membrane-type
matrix, they organize into a structure resembling a mammary gland,
and began to secrete whey acidic milk protein (for review see Lin and
Bissell, 1993). Fibroblasts synthesize many ECM components (for
review see Ettinger and Doljanski, 1992), and can modulate the three-
dimensional organization of an ECM through the generation of
mechanical forces initiated when integrin receptors bind to specific
ECM components (Klein et al, 1991). In this study, the DWD
epithelium rests primarily on granulation tissue formed from stromal
elements located in the subcutaneous fat, whereas the granulation tissue
under the SWD epithelium arises primarily from papillary dermal
elements. The presence of a dense collagen band beneath the DWD
epithelium, which is not a component of the nonwounded skin and
does not appear after healing of a shallow wound, is morphologic
evidence of such stromal diversity. Thus, the mesenchymal tissues in
the two types of wounds are different, and could elaborate distinct
growth modulators that might exert different regulatory effects on
overlying epithelial differentiation. Further investigations are planned
to try and elucidate whether these two distinct epithelial phenotypes
are the result of intrinsic divergence or environmental modulation.
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